The effects of chronic digoxin administration on left ventricular (LV) function were studied in six healthy conscious dogs, instrumented with high-fidelity LV manometers and endocardial ultrasonic diameter gauges. Studies were performed at an average of eight days after a therapeutic serum level of digoxin had been achieved by daily intramuscular injections. In the resting state, at matched heart rates and at unchanged LV end-diastolic pressures, LV systolic pressure increased after digoxin by a mean of 9 mm Hg (P < 0.008), while peak LV dP/dt was augmented by 38% (P < 0.006). Mean and maximal velocity of circumferential fiber shortening (VCF) increased by 22% and 21%, respectively (both P < 0.02), and LV systolic diameter excursion (ALVD) increased by 10% Propranolol and studies in animals have yielded results which are influenced by the administration of anesthetic agents. ' ', 4, 6, 12 Vatner and coworkers demonstrated that the positive inotropic influence of intravenous ouabain on the left ventricle was considerably greater when anesthetized dogs were compared with animals in the conscious state, and they suggested that cardiac glycosides exert only a minor inotropic effect in the normal conscious animal.`3 However, there is little information relative to the effects of chronic digitalis administration in the awake dog. We considered the possibility that different responses might occur when digitalis glycosides are given on a sustained, daily basis. Accordingly, the present study was designed to investigate the effects of chronically administered digoxin in the normal conscious dog, instrumented for measurement of left ventricular pressure and internal dimensions. Studies were performed both at rest and under conditions of acute pressure overloading. 
The effects of chronic digoxin administration on left ventricular (LV) function were studied in six healthy conscious dogs, instrumented with high-fidelity LV manometers and endocardial ultrasonic diameter gauges. Studies were performed at an average of eight days after a therapeutic serum level of digoxin had been achieved by daily intramuscular injections. In the resting state, at matched heart rates and at unchanged LV end-diastolic pressures, LV systolic pressure increased after digoxin by a mean of 9 mm Hg (P < 0.008), while peak LV dP/dt was augmented by 38% (P < 0.006). Mean and maximal velocity of circumferential fiber shortening (VCF) increased by 22% and 21%, respectively (both P < 0.02), and LV systolic diameter excursion (ALVD) increased by 10% (P < 0.05) above control values. Intravenous propranolol did not alter these responses significantly. Elevation of LV systolic pressure to an average of 206 mm Hg by phenylephrine infusion did not change the previous basal augmentation of LV dP/dt and VCF produced by digoxin, but ALVD exceeded the control values by 25% as compared with the increase of 10% produced by digoxin alone (P < 0.02). Thus, chronic digoxin administration in the normal conscious dog exerts a potent positive inotropic effect in the resting state and markedly improves cardiac reserve as evidenced by enhanced LV performance during acute pressure overloading.
Additional Indexing Words:
Inotropic response Left ventricular pressure overloading
Myocardial contraction patterns
Acute dosage of drugs THERE IS CONSIDERABLE EVIDENCE that digitalis glycosides exert a positive inotropic effect not only on the failing or depressed myocardium but also on the nonfailing, normal heart. [1] [2] [3] [4] [5] [6] [7] Using both invasive and noninvasive methods for the assessment of cardiac performance, it previously has been shown that an increased myocardial inotropic state can be induced in the nonfailing heart in unanesthetized human subjects after acute digitalis administration.8" However, in many acute studies performed on human subjects there has been a question as to whether the patients were entirely normal, and studies in animals have yielded results which are influenced by the administration of anesthetic agents.' ', 4, 6 , 12 Vatner and coworkers demonstrated that the positive inotropic influence of intravenous ouabain on the left ventricle was considerably greater when anesthetized dogs were compared with animals in the conscious state, and they suggested that cardiac glycosides exert only a minor inotropic effect in the normal conscious animal.`3 However, there is little information relative to the effects of chronic digitalis administration in the awake dog. We considered the possibility that different responses might occur when digitalis glycosides are given on a sustained, daily basis. Accordingly, the present study was designed to investigate the effects of chronically administered digoxin in the normal conscious dog, instrumented for measurement of left ventricular pressure and internal dimensions. Studies were performed both at rest and under conditions of acute pressure overloading.
were inserted at the left ventricular apex through a stab incision. Two Acute Digoxin. Thirty to sixty minutes after the intravenous injection of 1.0 mg digoxin, the spontaneous heart rate declined from 82 to 69 beats/min. At matched paced heart rates of 102 beats/min, LVSP increased by 10 mm Hg from an average control value of 152 mm Hg while LVEDP and LVEDD decreased slightly from 6 to 4 mm Hg and from 37.9 to 37.3 mm, respectively. However, ALVD remained-unchanged. LV dP/dt was augmented by an average of 6% (range 0 to 8%), and both mean and maximum VCF increased by an average of 7% (range 0 to 12%), over control. The augmentation in these same animals after chronic digoxin administration, however, averaged 32% for dP/dt (range 23-41%) and 18% for VCF (range 13-22%).
Propranolol. . LV dP/dt and mean velocity of circumferential fiber shortening (VCF) A blocking dose of propranolol did not alter the change in contractile state produced by digoxin. This observation is in accord with the view that the mode of action of digitalis is independent of catecholamine release.5' "53 However, the further augmentation of LV performance induced by acutely infused digitalis after pretreatment with propranolol, which has been noted by others,7' 13 was avoided in our study by the use of chronic glycoside administration.
During intravenous infusions of phenylephrine LVSP reached equal values both in the control state and after digoxin from matched levels of left ventricular filling pressure ( fig. 5) . Early in the course of the pressure load a slight decrease in LV dP/dt was consistently present, suggesting a withdrawal of sympathetic tone, probably due to baroreceptor stimulation. A virtually identical decline, however, was present in the control state as well as after digoxin. In the control state, intravenous phenylephrine produced a significant reduction in stroke excursion. This finding corresponds to other reports in which stroke excursion measured by endocardial ultrasonic crystals and stroke volume measured by electromagnetic flowmeters or thermodilution techniques, respectively, consistently declined during angiotensin infusions in conscious dogs.'9' 38 However, after digoxin administration, this decrease was smaller and not significantly different from the control state. In the nonfailing heart, basal cardiac output is not limited by myocardial contractility, but rather is regulated by the balance of preload, afterload, and venous return.39 40 During each phenylephrine infusion, the heart had to work against a high systemic arterial pressure from a comparable preload in both the control state and after digoxin. Under these conditions the inotropic state appeared to be the limiting factor with respect to alterations in stroke excursion. Thus, the marked enhancement of the LV inotropic state induced by digoxin administration prevented a decline in the extent of fiber shortening during phenylephrine infusion as compared with control ( fig. 5 ). That the sensitivity of the heart to pressure loading may vary with the level of inotropic state is suggested by the marked decrease in stroke volume observed in patients with dilated hearts in response to angiotensin infusion.4Ẁ e conclude that the effect of sustained digoxin administration on the normal heart in the basal, conscious state consists mainly of a major increase in LV contractility. The potent enhancement in functional myocardial reserve demonstrated by the response to acute pressure overload may have clinical implications with regard to the question of prophylactic digitalization of the nonfailing heart. Thus, whenever an acute pressure overload is to be expected, as during anesthesia and surgery, or during chronic pressure stress, as in aortic stenosis, such therapy appears to have a rational basis.
